INTRODUCTION
dietary fiber fractions in different parts of the intestinal tract has not been reported. Whereas ileal and total tract fermentation of different fiber fractions have been reported Sholly et al., 2011; Laerke et al., 2015) , data for cecal fermentation have been generated mostly from experiments using the slaughter method (Bach Knudsen et al., 1993; Glitsø et al., 1998; Serena et al., 2008a) . To our knowledge, the combination of disappearance of nutrients along the gastrointestinal tract (GIT) using ileal and colon cannulated pigs and a detailed composition of the chemical and physical components of fiber has not been used. Therefore, an experiment was conducted to test the hypothesis that physical characteristics of dietary fiber are correlated with the fermentability of dietary fiber and energy along the gastrointestinal tract of pigs. The objectives were to quantify the disappearance of dietary fiber fractions in the stomach and small intestine, cecum, and colon of pigs and to determine the correlation between physical dietary characteristics and the disappearance of dietary fiber fractions along the gastrointestinal tract of the pig.
MATERIALS AND METHODS
The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use Committee at the University of Illinois at UrbanaChampaign.
Animals, Housing, and Diets
Eight barrows (initial BW = 37.3 ± 1.0 kg) that were the offspring of PIC 359 boars and F-46 sows (Pig Improvement Company, Hendersonville, TN) were surgically equipped with 2 T-cannulas. One cannula was placed in the distal ileum according to Stein et al. (1998) and a second cannula was placed in the proximal colon approximately 5 cm distal to the cecocolic junction. After surgery, pigs were housed in individual pens and allowed to recover for 8 d. Each pen had a fully slatted tri-bar floor and was equipped with a feeder and a nipple drinker. Cannulated pigs (initial BW = 41.0 ± 1.5 kg) were allotted to a replicated 4 × 4 Latin square design with 4 diets and 4 14-d periods in each square.
A source of DDGS was procured from One Earth Energy (Gibson City, IL; Table 1 ). Wheat middlings were obtained from Siemers Milling (Teutopolis, IL) and soybean hulls were procured from Archer Daniels Midland Company (Decatur, IL).
Four experimental diets were prepared. The basal diet was a corn-soybean meal diet (Table 2) . Three additional diets were formulated by substituting 30% of the ingredients contributing energy to the basal diet with DDGS, wheat middlings, or soybean hulls.
Because not all ingredients in the basal diet contributed energy, the actual inclusion of DDGS, wheat middlings, or soybean hulls was 29.10%. Vitamins and minerals were included in all diets to meet current requirements (NRC, 2012) and titanium dioxide was included in all diets at 0.40% as an indigestible marker.
Feeding and Sample Collection
Pigs were provided feed in an amount equivalent to 3 times the estimated requirement for maintenance energy (i.e., 197 kcal ME/kg 0.6 ; NRC, 2012) and daily feed allotments were divided into 2 daily meals that were provided at 0700 and 1600 h. Water was available at all times. The BW of each pig was recorded at the beginning of the experiment and at the end of each period. The initial 8 d of each period was considered the adaptation period to the diet. On d 9 and 10, fecal samples were collected and stored at -20°C immediately after collection. Colon digesta were collected for 8 h on d 11 and 12, whereas ileal digesta were collected for 8 h on d 13 and 14. Digesta were stored at -20°C immediately after collection. The final BW of pigs was 84.7 ± 6.4 kg.
Chemical Analysis
Diets, ingredients, and freeze-dried samples of ileal digesta, colon digesta, and feces were ground through a 1 mm screen in a Wiley mill (model 4; Thomas Scientific, Swedesboro, NJ). All samples were analyzed for DM (Method 930.15; AOAC Int., 2007) . Diets and ingredients were analyzed for ash (Method 942.05; AOAC Int., 2007) and acid hydrolyzed ether extract (AEE) was determined by acid hydrolysis using 3N HCl (AnkomHCl, Ankom Technology, Macedon, NY) followed by crude fat extraction using petroleum ether (AnkomXT15, Ankom Technology). The concentration of GE in all samples was determined using an isoperibol bomb calorimeter (Model 6300, Parr Instruments, Moline, IL). Benzoic acid was the standard for calibration. All diets and ingredients were analyzed for CP using the combustion procedure (Method 990.03; AOAC Int., 2007) on an Elementar Rapid N-cube protein/nitrogen apparatus (Elementar Americas Inc., Mt. Laurel, NJ). Aspartic acid was used as a calibration standard and CP was calculated as N × 6.25. All diets and ingredients were analyzed for AA on a Hitachi AA Analyzer, Model L8800 (Hitachi High Technologies America, Inc., Pleasanton, CA) using ninhydrin for postcolum derivatization and norleucine as the internal standard. Prior to analysis, samples were hydrolyzed with 6N HCl for 24 h at 110°C [Method 982.30 E(a); AOAC Int., 2007] . Titanium concentration in all diets, ileal and colonic digesta samples, and fecal sam-ples were determined using an ICP procedure (Method 990.08; AOAC Int., 2007 
Physicochemical Analysis
All samples of ingredients and diets were analyzed for water binding capacity (Robertson et al., 2000) and bulk density (Cromwell et al., 2000) . Values for water binding capacity were expressed as the amount of water retained by the pellet (g/g; . Viscosity was measured in ileal and colon digesta that was not freeze dried using a Brookfield LV-DV-II+ Viscometer (Brookfield Eng. Lab. Inc., Middleboro, MA) as described by Dikeman et al. (2006) using V-72, V-73, and V-75 spindles over a range of speeds (0.5 to 6 rpm).
Calculations and Statistical Analysis
The concentration of total dietary fiber (insoluble dietary fiber + soluble dietary fiber), cellulose (ADF -ADL), insoluble hemicelluloses (NDF -ADF), nonstarch polysaccharides (NSP; total dietary fiber -ADL), insoluble NSP (NSP -soluble dietary fiber), and non-1 DDGS = distillers dried grains with solubles; AEE = acid hydrolyzed ether extract.
2 N.D. = not detectable.
3 Total dietary fiber = soluble dietary fiber + insoluble dietary fiber.
4 Cellulose = ADF -ADL.
5 Insoluble hemicelluloses = NDF -ADF.
6 Non-starch polysaccharides = total dietary fiber -ADL.
7 Insoluble non-starch polysaccharides = non-starch polysaccharidessoluble dietary fiber.
8 Non-cellulosic non-starch polysaccharides = non-starch polysaccharides -cellulose.
9 Total = ash + AEE + CP + starch + sugars + oligosaccharides + total dietary fiber.
10 DE (kcal/kg of DM) = 1161 + (0.749 × GE) -(4.3 × ash) -(4.1 × NDF) (Noblet and Perez, 1993) . Continued cellulosic NSP (NSP -cellulose) were calculated for all samples. Total nutrient concentration, on an as-fed basis, was calculated as the sum of ash, AEE, total AA, starch, sugars, oligosaccharides, and total dietary fiber. Values for apparent ileal digestibility (AID), apparent cecal digestibility (ACD), and apparent total tract digestibility (ATTD) of nutrients and energy by pigs fed experimental diets were calculated according to Stein et al. (2007) . Values for AID, ACD, and ATTD of nutrients and energy in DDGS, wheat middlings, and soybean hulls were calculated by subtracting the contribution of the basal diet to the diets containing DDGS, wheat middlings, or soybean hulls and the AID, ACD, or ATTD of nutrients and energy in DDGS, wheat middlings, and soybean hulls were then calculated by difference (Adeola, 2001 ). The ileal, cecal, and total tract flow of nutrients and energy (g or kcal/kg DMI) by pigs fed experimental di- 3 AEE = acid hydrolyzed ether extract.
4 Total dietary fiber = soluble dietary fiber + insoluble dietary fiber.
5 Cellulose = ADF -ADL.
6 Insoluble hemicelluloses = NDF -ADF.
7 Non-starch polysaccharides = total dietary fiber -ADL.
8 Insoluble non-starch polysaccharides = non-starch polysaccharidessoluble dietary fiber.
9 Non-cellulosic non-starch polysaccharides = non-starch polysaccharides -cellulose.
10 Total = ash + AEE + CP + starch + sugars + oligosaccharides + total dietary fiber.
11 DE calculated from NRC (2012). Continued ets was calculated according to . The disappearance of nutrients and energy (g or kcal/kg DMI) in the stomach and small intestine of pigs was calculated by subtracting the flow of nutrients and energy at the ileum from the nutrients and energy in the experimental diets. Cecum disappearance of nutrients and energy was calculated by subtracting the flow of nutrients and energy to the proximal colon from the flow of nutrients or energy at the distal ileum. Disappearance of nutrients and energy by pigs in the colon was calculated by subtracting the flow of nutrients and energy in the feces from the flow of nutrients and energy in the proximal colon. The disappearance of nutrients and energy in the stomach and small intestine, cecum, and colon from DDGS, wheat middlings, and soybean hulls was calculated as the difference between the flow of nutrients and energy from 70.9% of the basal corn-soybean meal diet and the 3 diets containing DDGS, wheat middlings, or soybean hulls. Viscosity of ileal and cecal digesta was calculated using the Rheocalc software (Brookfield Eng. Lab. Inc., Middleboro, MA). The NLREG statistical software (NLREG, Brentwood, TN) was used to report viscosity measurements in terms of the power law equation (Cervantes-Pahm et al., 2014) .
Homogeneity of the variance among treatments was confirmed using the UNIVARIATE procedure of SAS. The BOXPLOT procedure of SAS (SAS Inst. Inc., Cary, NC) was used to check for outliers. However, no outliers were identified. Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) using pig and period as the random effects and diet or ingredient as the fixed effect. Means were calculated using the LSMEANS statement in SAS. Differences were evaluated using the PDIFF option. Correlation coefficients among physicochemical characteristics of diets and the AID, ACD, and ATTD of nutrients and energy by pigs fed experimental diets were determined using the CORR procedure (SAS Inst. Inc., Cary, NC). The pig was the experimental unit for all analyses, except that dietary treatment was the experimental unit for correlation analysis. A P-value ≤ 0.05 was used to determine significance among dietary treatments for all outcomes.
RESULTS
All pigs were successfully cannulated at the distal ileum and in the proximal colon. Pigs recovered from surgery without complications and digesta were successfully collected from the cannula in the ileum and in the proximal colon. One pig fed the corn-soybean meal plus soybean hulls diet died in the middle of the adaptation of period 3 due to peritonitis and no samples were collected for this diet in period 3. Therefore, there were only 7 observations for the corn-soybean meal plus soybean hulls diet.
Apparent Ileal, Cecal, and Total Tract Digestibility
The AID of DM and GE was least (P ≤ 0.05) in the diet containing soybean hulls and greatest (P ≤ 0.05) in the basal corn-soybean meal diet, and the diet containing wheat middlings had greater (P ≤ 0.05) AID of DM and GE than the DDGS diet (Table 3 ). The AID of ADF and soluble dietary fiber was greater (P ≤ 0.05) in the basal diet compared with diets containing soybean hulls. The AID of insoluble dietary fiber, total dietary fiber, NSP, insoluble NSP, and non-cellulosic NSP was greater (P ≤ 0.05) in basal and wheat middlings diets compared with DDGS and soybean hulls diets, but the AID of cellulose was less (P ≤ 0.05) in the soybean hulls diet compared with the basal diet. The diet containing wheat middlings had the greatest (P ≤ 0.05) AID of NDF and insoluble hemicelluloses compared with the other 3 dietary treatments.
The ACD of DM and GE was least (P ≤ 0.05) in the diet containing soybean hulls and greatest (P ≤ 0.05) in the basal corn-soybean meal diet, but the diet containing wheat middlings had greater (P ≤ 0.05) ACD of DM and GE than the DDGS diet. The ACD of NDF was greater (P ≤ 0.05) in the wheat middlings diet than in all other diets. The basal diet and the wheat middlings diet had the greatest (P ≤ 0.05) ACD of insoluble dietary fiber, total dietary fiber, NSP, and insoluble NSP, followed by the diet containing DDGS, whereas the soybean hulls diet had the least (P ≤ 0.05) ACD of these fractions. The basal diet had greater (P ≤ 0.05) ACD of cellulose than diets containing DDGS or wheat middlings, whereas the ACD of cellulose in the soybean hulls diet was less (P ≤ 0.05) than in all other diets.
The basal corn-soybean meal diet had the greatest (P ≤ 0.05) ATTD of DM and GE, and diets containing DDGS or wheat middlings had greater ATTD of DM and GE (P ≤ 0.05) than the soybean hull diet. With the exception of insoluble hemicelluloses and cellulose, the basal diet had greater (P ≤ 0.05) ATTD of all dietary fiber components than the other diets but, but with a few exceptions, no differences among the other diets were observed. The DE was different (P ≤ 0.05) among diets and was 3430, 3299, 3218, and 2948 kcal/ kg in the basal diet, the DDGS diet, the wheat middlings diet, and the soybean hull diet, respectively.
Wheat middlings had the greatest (P ≤ 0.05) AID of DM and GE followed by DDGS and soybean hulls (Table 4 ). The AID of NDF, insoluble dietary fiber, total dietary fiber, insoluble hemicelluloses, NSP, insoluble NSP, and non-cellulosic NSP also was greater (P ≤ 0.05) in wheat middlings compared with DDGS and soybean hulls.
Wheat middlings also had the greatest (P ≤ 0.05) ACD of DM, GE, NDF, insoluble dietary fiber, and total dietary fiber, and soybean hulls had the least (P ≤ 0.05) ACD of these components. The ACD of ADF was greater (P ≤ 0.05) in DDGS compared with soybean hulls, and the ACD of soluble dietary fiber, insoluble hemicelluloses, NSP, insoluble NSP, and non-cellulosic NSP were greater (P ≤ 0.05) in wheat middlings compared with DDGS and soybean hulls.
The ATTD of DM and GE were greater (P ≤ 0.05) in DDGS and wheat middlings compared with soybean hulls, but wheat middlings had the least (P ≤ 0.05) ATTD of ADF and cellulose compared with DDGS and soybean hulls. The ATTD of soluble dietary fiber was greater (P ≤ 0.05) in wheat middlings than in soybean hulls, but DDGS had the least ATTD of soluble dietary fiber. Wheat middlings had the greatest (P ≤ 0.05) ATTD of total dietary fiber, NSP, insoluble NSP, and non-cellulosic NSP compared with DDGS and soybean hulls. The DE was different (P ≤ 0.05) among ingredients and was 2975, 2697, and 1763 kcal/kg in DDGS, wheat middlings, and soybean hulls, respectively.
Disappearance of Nutrients and Energy in the Stomach and Small intestine, Cecum, and Colon
Disappearance of GE and DM before the end of the ileum was greater (P ≤ 0.05) in pigs fed the corn-soybean meal basal diet than in pigs fed the other diets, and pigs fed the soybean hull diet had the least (P ≤ 0.05) disappearance of GE and DM in the stomach and small intestine (Table 5) . Disappearance of dietary fiber components before the end of the ileum was greater (P ≤ 0.05) in pigs fed the diet containing wheat middlings, whereas the basal diet had less disappearance of dietary fiber components in the stomach and small intestine compared with the diets containing DDGS or soybean hulls.
The disappearance of soluble dietary fiber in the cecum was greater (P ≤ 0.05) in the diet containing soybean hulls compared with the basal and the wheat middlings diets, but for all other measured compo- nents, no differences in cecal disappearance among diets were observed. The degradation of DM and most dietary fiber components in the colon was greater (P ≤ 0.05) in the diet containing soybean hulls compared with the other diets, with the exception that pigs fed the diet containing DDGS had the greatest (P ≤ 0.05) degradation of insoluble hemicelluloses. The degradation of GE in the large intestine of pigs fed diets containing DDGS or soybean hulls was greater (P ≤ 0.05) compared with the degradation in the basal diet and the diet containing wheat middlings. The disappearance of DM and all dietary fiber components before the end of the ileum was greater (P ≤ 0.05) from wheat middlings compared with DDGS and soybean hulls (Table 6 ). Disappearance of GE in the stomach and small intestine was greater (P ≤ 0.05) for wheat middlings compared with soybean hulls.
There were no differences among DDGS, wheat middlings, or soybean hulls in the disappearance of DM, GE, or dietary fiber components in the cecum of pigs. However, disappearance of DM and most dietary fiber components in the colon was greater (P ≤ 0.05) from soybean hulls than from DDGS and wheat middlings, and wheat middlings had the least (P ≤ 0.05) disappearance of dietary fiber components in the colon. The disappearance of GE in the large intestine of pigs was also less (P ≤ 0.05) for wheat middlings compared with DDGS and soybean hulls.
Physical Characteristics of Ileal and Cecal Digesta and Feces
The water binding capacity of ileal digesta from pigs fed the diet containing soybean hulls was greater (P ≤ 0.05) compared with the other 3 diets (Table 7) . Ileal digesta viscosity was less (P ≤ 0.05) in pigs fed the diet containing wheat middlings than in digesta from pigs fed diets containing DDGS or soybean hulls. The water binding capacity of cecal digesta from pigs fed the diet containing soybean hulls was greater (P ≤ 0.05) than in digesta from all other diets, and water binding capacity of cecal digesta from pigs fed the Table 6 . Disappearance of dry matter, energy, and nutrients (g or kcal/kg of DMI) from distillers dried grains with solubles (DDGS), wheat middlings, and soybean hulls in the stomach and small intestine, cecum, and colon of pigs wheat middlings or DDGS diets was greater (P ≤ 0.05) than in digesta from pigs fed the basal diet. The water binding capacity of feces from pigs fed the wheat middlings diet was greater (P ≤ 0.05) than that of all other diets, but feces from pigs fed the basal diet or the soybean hulls diet had less water binding capacity (P ≤ 0.05) than feces from pigs fed the DDGS diet.
Correlations between Physical Characteristics and Digestibility
A positive correlation between bulk density of experimental diets and ACD of GE (r = 0.88; P ≤ 0.05) was observed; however, no other correlations between physical characteristics of experimental diets and digestibility were significant. Therefore, only the correlation coefficients between physical characteristics of diets and ACD of nutrients and energy are presented in Table 8 .
DISCUSSION
Ingredients used in this experiment had concentrations of nutrients and energy that are in agreement with values reported by NRC (2012). Oil was likely not removed from the DDGS used in this experiment because the DDGS contained 9.89% AEE, which is approximately 3 times greater compared with corn (3.27%). Corn contained 13.41% total dietary fiber and DDGS contained 38.72% total dietary fiber, which is also approximately 3 times more than in corn. Soybean meal, wheat middlings, and soybean hulls contained 18.80, 37.11, and 67.46% total dietary fiber, respectively. The sum of the analyzed values for ash, AEE, carbohydrates, and AA was reasonably close to the analyzed DM in all ingredients, which gives some confidence that ingredients were correctly analyzed.
The ATTD of DM and GE in the corn-soybean meal basal diet and the diet containing DDGS used in the current experiment are in agreement with results from previous research in which a similar cornsoybean meal diet was used . The greater ATTD of DM, GE, insoluble dietary fiber, total dietary fiber, and insoluble NSP for the corn-soybean meal basal diet compared with the other 3 diets is likely the reason for the greater DE that was observed in the corn-soybean meal basal diet compared with the other 3 diets. The DE obtained for experimental diets in the current experiment are in agreement with calculated values (NRC, 2012) . The ATTD of soluble dietary fiber in experimental diets was, on average, 86.5% and this was in agreement with . The average ATTD of soluble dietary fiber was 20% units greater compared with the ATTD of insoluble dietary fiber among experimental diets, thus confirming results indicating that soluble dietary fiber is more fermentable by pigs compared with insoluble dietary fiber . Due to the differentiation of components of dietary fiber, it was possible to distinguish the digestibility of the different dietary fiber fractions. The ATTD of cellulose by pigs fed the basal diet or the DDGS diet was greater compared with the ATTD of insoluble hemicelluloses, whereas diets containing wheat middlings and soybean hulls had greater ATTD of insoluble hemicelluloses, NSP, insoluble NSP, and non-cellulosic NSP compared with cellulose. It is possible that this difference is a consequence of cellulolytic enzymes being used in ethanol production, which may render the cellulose in DDGS more susceptible for fermentation in the pig. The AID, ACD, and ATTD of DM and GE were less in DDGS, wheat middlings, and soybean hulls than in the experimental diets because the ingredients contained more dietary fiber and less starch than the mixed diets. The ATTD of total dietary fiber from DDGS was 54.69% in the current experiment, which is in agreement with the average ATTD of total dietary fiber from 8 DDGS sources (49.5%) obtained by . The ATTD of most dietary fiber fractions were greater in wheat middlings compared with DDGS and soybean hulls; however, the ATTD of GE was not different between wheat middlings and DDGS, which is likely a consequence of the greater concentration of fat in DDGS compared with wheat middlings.
The AID of dietary fiber fractions in diets and ingredients were relatively low, which is in agreement with data from Bach Knudsen et al. (2013) indicating that the AID of NSP by pigs range from -7 to 40%. The ACD of soluble dietary fiber in diets and ingredients was greater than the AID of soluble dietary fiber, whereas values for the ACD of insoluble dietary fiber were close to values observed for the AID of insoluble dietary fiber. This observation indicates that mainly soluble dietary fiber is fermented in the cecum. However, the ACD of GE was close to the AID of GE in diets and ingredients, which indicates that fermentation of soluble dietary fiber in the cecum has a low energy contribution to the animal. This may be attributed to the relatively low concentration of soluble dietary fiber in the diets and ingredients used in the current experiment.
The observation that the AID of ADF, and calculated dietary fiber fractions (e.g., cellulose, insoluble hemicellulose) determined for some of the diets and ingredients was close to the ACD of ADF, cellulose, and insoluble hemicellulose indicates that the cecal degradation of these fractions is negligible. These observations are in agreement with data obtained using the slaughter procedure that indicated that the AID of NSP, cellulose, and noncellulosic NSP by pigs fed diets differing in fiber type and concentration was greater than the ACD of these components (Serena et al., 2008a) . One reason for this may be that the digesta residence time in the stomach and small intestine is much greater than in the cecum , which may enable microbes in the stomach and small intestine the time needed to ferment some of the fiber fractions. However, the ADF and NDF analysis methods were developed to determine ADF and NDF in very fibrous materials (e.g., hay, straw, soybean hulls) and it is possible that these procedures are not completely accurate when used to analyze ADF and NDF in freeze-dried digesta from ileal and cecal contents. It may be more appropriate to use the TDF procedure to analyze for fiber in intestinal samples, and indeed, the ACD of insoluble, soluble, and total dietary fiber was greater compared with the AID of these fractions.
To our knowledge, this is the first time dietary fiber fermentation has been estimated separately in the cecum and in the colon of pigs. The structure of insoluble dietary fiber fractions is much more hydrophobic and crystalline than soluble dietary fiber, and therefore, microbial fermentation of insoluble dietary fiber fractions occurs more slowly and requires longer retention time compared with soluble dietary fiber (Bach Knudsen and Hansen, 1991; Wilfart et al., 2007) . Differences in size and microbial populations of the cecum and the colon also may influence dietary fiber fermentation. The cecum and colon have been reported to be 0.3 and 1.75% of the empty BW of pigs, respectively, and this difference in size indicates the importance of the colon to dietary fiber fermentation (Agyekum et al., 2012) . Total viable counts of anaerobic bacteria increase from 10 9 viable counts in the distal ileum to 10 12 viable counts in pig feces and it is expected that viable counts in the cecum is between the values in the ileum and the colon (Jensen and Jørgensen, 1994) .
In contrast with our hypothesis, water binding capacity and bulk density of experimental diets were not correlated with ileal, cecal, or total tract digestibility of nutrients and energy, with the exception that bulk den-sity was positively correlated with ACD of GE. Serena et al. (2008b) also were unable to correlate physicochemical properties of dietary fiber with the digestibility of energy by sows. These observations indicate that under the conditions of this experiment the physical characteristics measured had limited impact on digestibility and fermentation. However, it is possible that a larger sample size is needed to identify such correlations. Nevertheless, in this experiment, digestibility and fermentation of energy and nutrients was mainly determined by chemical characteristics of diets and ingredients.
Overall, ATTD of insoluble dietary fiber in wheat middlings was greater than in DDGS and soybean hulls, but the ATTD of cellulose was less in wheat middlings. However, the energy contribution from cellulose fermentation in wheat middlings is relatively low because wheat middlings has a low concentration of cellulose. Soybean hulls had the greatest concentration of total dietary fiber and the least concentrations of starch and fat and, as a result, fermentation of dietary fiber contributes the majority of the DE in soybean hulls. The energy contribution from dietary fiber fermentation is much less compared with the energy contribution from enzymatic digestion of starch and fat (Nelson and Cox, 2008) , which is the reason soybean hulls had the least DE compared with DDGS and wheat middlings.
Conclusion
In contrast to our hypothesis, the physical characteristics of dietary fiber in experimental diets were not correlated with the digestibility of energy or dietary fiber fractions in experimental diets. Soluble dietary fiber is mostly fermented in the cecum of pigs, but this does not contribute a great amount of energy to the pig because of the low concentration of soluble dietary fiber in most swine diets. Insoluble dietary fiber is mostly fermented in the colon of pigs and contributes a significant amount of energy to pigs fed diets containing DDGS, wheat middlings, or soybean hulls because the concentration of insoluble dietary fiber is greater when these co-products are added to a corn-soybean meal diet. Dietary fiber fractions in wheat middlings are more fermentable compared with the dietary fiber fractions in DDGS and soybean hulls; however, the DE in DDGS is similar to that of wheat middlings because of the greater concentration of fat in DDGS compared with wheat middlings. The DE in soybean hulls is mostly attributed to insoluble dietary fiber fermentation in the colon, and this is the reason the DE in soybean hulls is less than in DDGS or wheat middlings.
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